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PROBLEM TO BE SOLVED: To provide a light emitting 
diode and a forming method thereof which has a 
granular fluorescent substance for emitting a converted 
light using a light emitted from an LED chip, and reduces ^ v| 
the color nonuniformity in all directions. 
SOLUTION: The light emitting diode comprises an LED ^ 
chip on a support and a granular fluorescent substance ^ 
which absorbs at least a part of a light emitted from the 
LED chip, and emits a wavelength-converted light. 
Especially, the thickness of a coating having the granular 
fluorescent substance disposed on the LED chip is 
approximately equal to that of a coating having a 
granular fluorescent substance disposed on the support 
except the LED chip thereon. 



LEGAL STATUS 

[Date of request for examination] 27.01 .2003 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 



lEOF 




http://wwwl9.ipdLinpit.goJp/PAl/result/detail/main/wAAA9Ua4AbDA4142^ 5/17/2007 



Searching PAJ 



Page 2 of 2 



the examiner's decision of rejection or . 
application converted registration] 

[Date of final disposal for application] 



[Number of appeal against examiner's . 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



[Patent number] 
[Date of registration] 



3835276 



04.08.2006 



http://wwl9.ipdl.inpit.gojp/PAl/result/detail/main/wAAA9U^ 5/17/2007 



JP,2002-208740,A [CLAIMS] 



Page 1 of 1 



♦NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The light emitting diode which the thickness of the coating section and ** which have the 

particle-like fluorescent substance arranged on the thickness of the coating section which has the 
particle-like fluorescent substance which is the light emitting diode which has the LED chip arranged on 
a base material and the particle-like fluorescent substance which absorb a part of luminescence [ at 
least ] from this LED chip, carry out wavelength conversion and emit light, and has been arranged on 
said LED chip, and base materials other than on said LED chip are in abbreviation etc. by carrying out, 
and carries out as the description in things. 

[Claim 2] Said coating section is light emitting diode according to claim 1 which consists of an oxide 
which has one sort of Si, aluminum, Ga, Ti, germanium, P, B, and an alkaline earth element, or two sorts 
or more at least with a particle-like fluorescent substance. 

[Claim 3] Light emitting diode according to claim 1 which the luminous layer of said LED chip is a 
nitride system compound semiconductor, and is the yttrium aluminum garnet system fluorescent 
substance by which said particle-like fluorescent substance was activated with the cerium. 
[Claim 4] Light emitting diode according to claim 3 with the main luminescence wavelength of said 
particle-like fluorescent substance longer than the main luminescence peak of said LED chip whose 
main luminescence peak of said LED chip is 400nm to 530nm. 

[Claim 5] Light emitting diode according to claim 1 said whose particle-like fluorescent substance the 
luminous layer of said LED chip is a nitride system compound semiconductor, and is 3(Rel-xSmx) 
(aluminuml-yGay)5012:Ce. However, 0<=x<l, 0<=y<=l, and Re are a kind of elements chosen from 
Y, Gd, and La at least. 

[Claim 6] The formation approach of the light emitting diode characterized by to make the coating 
section which contains a particle-like fluorescent substance on said LED chip by sedimentation of the 
particle-like fluorescent substance which is the formation approach of light emitting diode and was 
distributed in a gaseous phase or the liquid phase which has an LED chip and the fluorescent substance 
which absorbs a part of luminescence [ at least ] from this LED chip, carries out wavelength conversion 
and emits light form. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light emitting diode which has improved 
luminescence bearing, color tone nonuniformity, and mass-production nature, and its formation 
approach in the light emitting diode which carries out wavelength conversion especially of the 
luminescence from a light emitting device, and has the fluorescent substance which can emit light with 
respect to the luminescence equipment used for a LED display, the back light light source, a signal, an 
illumination type switch, various sensors, various indicators, etc. 
[0002] 

[Description of the Prior Art] The light emitting diode (hereafter referred to also as LED.) which is 

luminescence equipment is small, and effectiveness carries out luminescence of a good vivid color. 
Moreover, since it is a semiconductor device, there are no worries about a ball piece etc. It excels in a 
drive property and has the description that it is strong to the repeat of vibration or ON/OFF lighting. 
Therefore, it is used as various indicators or the various light sources. However, although LED has the 
outstanding monochromatic peak wavelength therefore, it cannot emit light in luminescence wavelength, 
such as a white system. 

[0003] Then, these people developed the light emitting diode which was made to carry out color 
conversion of the luminescence from blue light emitting diode with blue light emitting diode and a 
fluorescent material, and was indicated by JP,5-152609,A, JP,7-99345,A, etc. as light emitting diode 
with which other colors etc. can emit light. Other luminescent color, such as a white system and green 
using a blue LED chip, can be made to emit light with these light emitting diodes using one kind of LED 
chip. 

[0004] Specifically, the LED chip with which a blue system can emit light is arranged on the cup in 
which it was prepared at the tip of a leadframe etc. An LED chip is electrically connected to the metal 
stem and metal post in which the LED chip was prepared, respectively. And absorb the light from an 
LED chip, the fluorescent material which carries out wavelength conversion is made to contain, and it is 
made to have formed into the resin mold member which covers an LED chip etc. A white system can be 
made to emit light using color mixture by choosing the light emitting diode of a blue system, the 
fluorescent material which absorbs the luminescence and emits light in a yellow system. This can use 
sufficient brightness as white system light emitting diode which emits light. 
[0005] 

[Problem(s) to be Solved by the Invention] However, this light emitting diode is hard to tend be formed 
in the color as a request. Mien light emitting diode is made to mass-produce, it is that each light 
emitting diode makes it form in the chromaticity range of desired, respectively in the inclination for the 
yield to fall difficultly. Moreover, there is a problem of producing an irregular color slightly in the 
luminescence observation side of light emitting diode. 

[0006] The core where it saw from the luminescence observation side side, and the LED chip which is a 
light emitting device has specifically been arranged is seen in the direction of blue **** and its 
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perimeter, and yellow, green, and a red part may be seen in the shape of a ring. Especially human 
being's color tone feeling is sensitive in white. Therefore, it senses as the white appropriate for 
********, green ******^ and yellow etc. also with few color tone differences. 
[0007] The irregular color produced by facing such a luminescence observation side squarely also 
becomes producing the irregular color in the screen when it not being not only desirable on quality, but 
using for a display, and the error in precision mechanical equipments, such as a photosensor. 
Furthermore, there is an inclination for the brightness of light emitting diode to fall in use of a high 
brightness long time as severer conditions. This invention solves the above-mentioned trouble, there is 
very little variation for every color tone unevenness in a luminescence observation side or light emitting 
diode, and it is in making the good light emitting diode of mass-production nature form. 
[0008] 

[Means for Solving the Problem] This invention is light emitting diode which has the LED chip 
arranged on a base material, and the particle-like fluorescent substance which absorbs a part of 
luminescence [ at least ] from an LED chip, carries out wavelength conversion and emits light. The 
thickness of the coating section and ** which have especially the particle-like fluorescent substance 
arranged on the thickness of the coating section which has the particle-like fluorescent substance 
arranged on an LED chip in this invention, and base materials other than on an LED chip are in 
abbreviation etc. by carrying out, and are light emitting diode. 

[0009] Moreover, the light emitting diode of this invention according to claim 2 is a light emitting diode 
which consists of an oxide with which the coating section has one sort of Si, aluminum, Ga, Ti, 
germanium, P, B, and an alkaline earth element, or two sorts or more at least with a particle-like 

fluorescent substance. 

[0010] The luminous layer of an LED chip is a nitride system compound semiconductor, and the light 
emitting diode of this invention according to claim 3 is the yttrium aluminum garnet system fluorescent 
substance by which the particle-like fluorescent substance was activated with the cerium. 
[001 1] The main luminescence peak of an LED chip is 400nm to 530nm, and the light emitting diode of 
this invention according to claim 4 is a light emitting diode with the main luminescence wavelength of a 
particle-like fluorescent substance longer than the main luminescence peak of an LED chip. 
[0012] The luminous layer of an LED chip is a nitride system compound semiconductor, and the 
particle-like fluorescent substance of the light emitting diode of this invention according to claim 5 is 3 
(Rel-xSmx) (aluminuml-yGay)5012:Ce. (However, 0<=x<l, 0<=y<=l, and Re are a kind of elements 
chosen from Y, Gd, and La at least.) The formation approach of this invention according to claim 6 is 
the formation approach of light emitting diode of having an LED chip and the fluorescent substance 
which absorbs a part of luminescence [ at least ] from an LED chip, carries out wavelength conversion 
and emits light. It is the formation approach of light emitting diode of making the coating section 
containing a particle-like fluorescent substance forming on an LED chip by sedimentation of the 
particle-like fluorescent substance especially distributed in a gaseous phase or the liquid phase. 
[0013] 

[Function] any on the base with which the LED chip on an LED chip has been arranged for the thickness 
of the coating section in which the particle-like fluorescent substance contained this invention also 
setting - abbreviation - it is equal The luminescence property that the optical-path-length difference of 
the light emitted from the LED chip is comparatively equal, and uniform can be acquired. Moreover, it 
can carry out by there being very little irregular color in a luminescence side and variation for every 
light emitting diode. Furthermore, a lot of light emitting diode can be made to form with sufficient mass- 
production nature at once by carrying out the sedimentation deposition of the particle-like fluorescent 
substance on the package with which two or more LED chips have been arranged. Even if the amount of 
the particle-like fluorescent substance arranged on LED is very little, the amount (thickness of the 
coating section) of a particle-like fluorescent substance can be made to control equally. Therefore, light 
emitting diode with more little variation can be made to form. 

[0014] The coating section binds a particle-like fluorescent substance with the inorganic substance 
which is the oxide which has one sort of Si, aluminum, Ga, Ti, germanium, P, B, and an alkaline earth 
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element, or two sorts or more. Even.when^his irradiates a comparatively high energy light from an LED 
chip at high density, it is lost that the coating section carries out coloring degradation. Therefore, it can 
consider as the light emitting diode with which brightness does not fall even if it makes quantity 
brightness emit light for a long time. 
[0015] 

[Embodiment of the Invention] this invention person came to accomplish header this invention for the 
variation for every color tone unevenness in a luminescence observation side or luminescence 
equipment being improvable by making the particle-like fluorescent substance arranged on an LED chip, 
and the particle-like fluorescent substance arranged on the other base material distribute equally 
[ abbreviation ] as a result of various experiments. 

[0016] It is thought that the variation for every color tone unevermess in a luminescence observation 
side or light emitting diode is produced when the inclination in flat-surface distribution of the particle- 
like fluorescent substance contained in the coating section at the time of coating section formation 
arises. That is, the coating section can be arranged on a desired cup by making the resin which made the 
particle-like fluorescent substance contain breathe out from tubing like a previous thin nozzle. 
[0017] However, it is very difficult to make equivalent homogeneity and a high speed apply the particle- 
like fluorescent substance contained in the binder on an LED chip. Moreover, the configuration of the 
coating section finally formed is not fixed with the surface tension on the front face of a package which 
touches the viscosity of a binder, and the coating section. The thickness (amount of a particle-like 
fluorescent substance) of the coating section differs partially, and the quantity of light from an LED chip 
differs from the quantity of light from a particle-like fluorescent substance partially. 
[0018] Therefore, on a luminescence observation side, the luminescent color from an LED chip becomes 
strong partially, or the luminescent color from a fluorescent substance becomes strong, and color tone 
unevenness arises. Moreover, it is thought that the variation for every light emitting diode arises. Color 
tone unevenness, directivity, etc. can be made to improve in this invention, when the particle-like 
fluorescent substance formed an LED chip top in addition to it makes it arrange to homogeneity. 
Hereafter, the configuration member of this invention is explained in full detail. 
[0019] (Coating sections 1 1 1 and 1 12) The coating sections 1 1 1 and 1 12 used for this invention are 
resin, glass, etc. which bind the particle-like fluorescent substance and particle-like fluorescent 
substance which a mold member is independently prepared in the cup of a mounting lead, and opening 
of a package etc., and change luminescence of the LED chip 103. the thickness of the coating section 
1 1 1 by which the coating sections 1 1 1 and 1 12 of this invention were formed on the LED chip 103, and 
the thickness of the coating section 1 12 prepared on base materials other than an LED chip ~ 
abbreviation - it is equal. Abbreviation etc. can make the thickness of the coating section 1 1 1 prepared 
on the LED chip 103, and the coating section 1 12 prepared in the opening front face of the package used 
as a base material spread and form comparatively simply by carrying out standing of the particle-like 
fluorescent substance distributed in a gaseous phase or the liquid phase, and sedimenting. 
[0020] In the coating section, since reflection is also carried out, the high energy light emitted from an 
LED chip from a cup etc. becomes high density. Furthermore, also with a particle-like fluorescent 
substance, reflective dispersion may be carried out and the coating section may be exposed to the high 
energy light of high density. Therefore, when luminescence reinforcement uses the powerful nitride 
system semi-conductor with which high energy light can emit light as an LED chip, it is desirable to use 
as a binder one sort or the oxide which it has two or more sorts of Si, aluminum, Ga, Ti, germanium, P 
and B which have lightfastness to those high energy light, and alkaline earth metal. 
[0021] As one of the charges of a concrete principal member of the coating section, the thing which 
made translucency inorganic members, such as Si02, aluminum203, and MSi03 (Zn, calcium, Mg, Ba, 
Sr, etc. are mentioned in addition as M.), contain a particle-like fluorescent substance is used suitably. A 
particle-like fluorescent substance is bound by these translucency inorganic members, and it deposits on 
an LED chip or a base material in the shape of a layer. In addition, the coating section may be made to 
contain an ultraviolet ray absorbent with a particle-like fluorescent substance. 
[0022] Such the coating sections 1 1 1 and 121 often mix the particle-like fluorescent substance and 
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binder used as the ingredient of the coating .sections 1 1 1 and 121, and are spouted from the nozzle of the 

discharge means 201 in a container 202. The package 105 which has an LED chip is arranged in the 
container 202. The ingredient which blew off from the nozzle accumulates in a container 202 as 
suspension. If the container 202 is put, a fluorescent substance particle will sediment and the fluorescent 
substance film 204 will be formed in the bottom of a container 202. warming emitted from a dryer 205 
after discharging supernatant liquor — air is sprayed and it is made to dry Then, it can consider as the 
light emitting diode which has a particle-like fluorescent substance by taking out each package 105. 
[0023] (Particle-like fluorescent substance) The particle-like fluorescent substance which is excited as a 
fluorescent substance used for this invention with the light which emitted light from the semi-conductor 
luminous layer of the LED chip 103 at least, and emits light is said. When the light in which the LED 
chip 103 emitted light, and the light in which the particle-like fluorescent substance emitted light have a 
complementary color relation etc., light can be emitted in white by carrying out color mixture of each 
light. A blue light in which the case where the light from the LED chip 103 and the light of the particle- 
like fluorescent substance which is excited by it and emits light are specifically equivalent to the three 
primary colors (a red system, a green system, blue system) of light, respectively, and the LED chip 103 
emitted light, and the light of the yellow of the particle-like fluorescent substance which is excited by it 
and emits light are mentioned. 

[0024] The luminescent color of light emitting diode can make the color tone of a white system of 
arbitration, such as an electric bulb color, offer by choosing the luminescence wavelength of adjusting 
various a ratio with inorganic members which work as a binder of a particle-like fluorescent substance 
and a particle-like fluorescent substance, such as various resin and glass, settling times of a particle-like 
fluorescent substance, configurations of a particle-like fluorescent substance, etc., and an LED chip. In 
the exterior of a light emitting diode, it is desirable that the light from an LED chip and the light from a 
fluorescent substance penetrate a mold member efficiently. 

[0025] The yttrium aluminum garnet system fluorescent substance activated as a concrete particle-like 
fluorescent substance with the sulfuration cadmium zinc activated with copper or a cerium is mentioned. 
Especially, 3(Rel-xSmx) (aluminum l-yGay)5012:Ce (0<=x<l, 0<=y<=l, however Re are a kind of 
elements chosen from the group which consists of Y, Gd, and La at least.) etc. is desirable at the time of 
use of high brightness and long duration. When 3 (aluminum 1-y Gay )5012:Ce is used especially (Rel- 
xSmx) as a particle-like fluorescent substance, or it touches an LED chip, it can consider as the light 
emitting diode which approaches, is arranged and has lightfastness sufficient efficient also in -two or 
less -two or more (Ee) =3 W-cmlO W-cm as irradiance. 

[0026] (Rel-xSmx) A 3(aluminuml-yGay)5012:Ce fluorescent substance can be strong for heat, light, 
and moisture, and the peak of an excitation spectrum can make it carry out near 470nm etc. for garnet 
structure. Moreover, the broadcloth emission spectrum with which a luminescence peak is also near 
530nm, and lengthens the skirt to 720nm can be given. And luminescence wavelength shifts to long 
wavelength in luminescence wavelength shifting to short wavelength in permuting a part of aluminum 
of a presentation by Ga, and permuting a part of Y of a presentation by Gd. Thus, it is possible to adjust 
the luminescent color continuously by changing a presentation, therefore, a long wave ~ it has ideal 
conditions for the reinforcement by the side of merit to change into white system luminescence by the 
presentation ratio of Gd using blue system luminescence of a nitride semi-conductor, such as being 
changed continuously. 

[0027] An oxide or the compound which turns into an oxide easily at an elevated temperature is used for 
such a fluorescent substance as a raw material of Y, Gd, Ce, Sm, aluminum, La, and Ga, it fully mixes 
them by stoichiometry, and obtains a raw material. Or the coprecipitation oxide which calcinates what 
coprecipitated the solution which dissolved the rare earth elements of Y, Gd, Ce, and Sm in the acid by 
stoichiometry with oxalic acid, and is obtained, and an aluminum oxide and an oxidation gallium are 
mixed, and a mixed raw material is obtained. Optimum dose mixing of the fluorides, such as ammonium 
fluoride, is carried out as flux at this, crucible is stuffed, it calcinates in the temperature requirement of 
1350-1450-degreeC in air for 2 to 5 hours, and a bumed product is obtained. Next, a desired particle-like 
fluorescent substance can be obtained by carrying out the ball mill of the bumed product imderwater, 
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and letting a screen pass at washing,, separation, desiccation, and the last. 

[0028] In the light emitting diode of this invention, a particle-like fluorescent substance may mix two or 
more kinds of particle-like fluorescent substances. That is, two or more kinds of 3(Rel-xSmx) 
(aluminuml-yGay)5012:Ce fluorescent substances with which the contents of aluminum, Ga, Y, La and 
Gd, or Sm differ can be mixed, and the wavelength component of RGB can be increased. Moreover, 
now, since there are some which variation produces on the luminescence wavelength of a semi- 
conductor light emitting device, mixed adjustment of two or more kinds of fluorescent substances can be 
carried out, and the desired white light etc. can be acquired. The point of the arbitration on the 
chromaticity diagram tied with a light emitting device between the fluorescent substance can be made to 
emit light by making the amount of the fluorescent substance with which chromaticity points differ 
according to the luminescence wavelength of a light emitting device specifically adjust and contain. 
[0029] It can be made to be able to distribute in a gaseous phase or the liquid phase, and such a particle- 
like fluorescent substance can be made to emit to homogeneity. The particle-like fluorescent substance 
in the inside of a gaseous phase or the liquid phase sediments with a self-weight. The layer which has a 
homogeneous high particle-like fluorescent substance more can be made to form by carrying out 
standing of the suspension especially into the liquid phase. The desired amount of particle-like 
fluorescent substances can be formed by repeating two or more times according to a request. 
[0030] (LED chip 103) The LED chip 103 used for this invention can excite a particle-like fluorescent 
substance, the LED chip 103 which is a light emitting device - MOCVD - semi-conductors, such as 
GaAs, InP, GaAlAs, InGaAlP, InN, AIN and GaN, InGaN, AlGaN, and InGaAlN, are made to form as a 
luminous layer on a substrate by law etc. As structure of a semi-conductor, the thing of a terrorism 
configuration is mentioned to the gay structure, hetero structure, or double which has MIS junction, PIN 
junction, a PN junction, etc. Various luminescence wavelength can be chosen by whenever [ ingredient 
or its mixed-crystal ]. [ of a semi-conductor layer ] Moreover, it can also consider as the single quantum 
well structure and multiplex quantum well structure where the semi-conductor barrier layer was made to 
form in the thin film which the quantum effectiveness produces. Preferably, it is the efficient nitride 
system compound semiconductor (a general formula IniGajAlkN however 0<=i, 0<=j, 0<=k, i+j+k=l) 
which can emit light about the comparison-short wavelength which can excite a particle-like fluorescent 
substance efficiently. 

[003 1] When a gallium nitride system compound semiconductor is used, ingredients, such as sapphire, a 
spinel, and SiC, Si, ZnO, GaN, are suitably used for a semi-conductor substrate. In order to make 
crystalline good gallium nitride form, it is more desirable to use a sapphire substrate. When growing up 
the semi-conductor film on a sapphire substrate, it is desirable to form buffer layers, such as GaN and 
AIN, and to make the gallium nitride semi-conductor which has a PN junction form on it. Moreover, the 
GaN single crystal itself which carried out selective growth on silicon on sapphire, having used [ itself] 
Si02 as the mask can also be used as a substrate. In this case, a light emitting device and silicon on 
sapphire can also be made to separate by carrying out etching removal of the each semi-conductor layer 
formation-back Si02. A gallium nitride system compound semiconductor shows N type conductivity in 
the condition of not doping an impurity. When making the N type gallium nitride semi-conductor of a 
request, such as raising luminous efficiency, form, it is desirable to introduce Si, germanium, Se, Te, C, 
etc. suitably as an N type dopant. On the other hand, when making a P type gallium nitride semi- 
conductor form, Zn, Mg, Be, calcium, Sr, Ba, etc. which are P type DOPANDO are made to dope. 
[0032] Only by doping a p-type dopant, since itis [ P-type-] hard toize a gallium nitride system 
compound semiconductor, it is desirable to make it P-type-ize by annealing after p-type dopant 
installation by heating, the low-speed electron beam irradiation, the plasma exposure, etc. at a furnace. 
That to which the laminating of the N type contact layer which is a gallium nitride semi-conductor, the 
N type cladding layer which is an alumimium nitride gallium semi-conductor, the barrier layer which is 
the nitriding in JUUMU gallium semi-conductor which made Zn and Si dope, the P type cladding layer 
which is an alumimium nitride gallium semi-conductor, and the P type contact layer which is a gallium 
nitride semi-conductor was carried out is suitably mentioned on the silicon on sapphire which has the 
buffer layer in which gallium nitride, alumimium nitride, etc. were made to form at low temperature as 
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lamination of a concrete light emitting device, or silicon carbide. In order to make the LED chip 103 
form, after making the exposure of a P-type semiconductor and an N-type semiconductor form by 
etching etc. in the case of the LED chip 103 which has silicon on sapphire, the sputtering method, a 
vacuum deposition method, etc. are used and each electrode of a desired configuration is made to form 
on a semi-conductor layer. The electrode of a pair can also be made to form using the conductivity of the 
substrate itself in the case of a SiC substrate. 

[0033] Next, after carrying out direct full cutting with the dicing saw with which the blade which has the 
edge of a blade made from a diamond rotates the formed semi-conductor wafer or cutting the slot of 
width of face larger than edge-of-a-blade width of face deeply (half cutting), a semi-conductor wafer is 
broken according to external force, or the scriber in which the diamond stylus at a tip carries out both- 
way rectilinear motion - a scribe line (circles of longitude) very thin to a semi-conductor wafer - for 
example, after lengthening in a grid pattern, according to external force, a wafer is broken and it cuts in 
the shape of a chip from a semi-conductor wafer. Thus, the LED chip 103 which is a nitride system 
compound semiconductor can be made to form. 

[0034] When making a white system emit light in the light emitting diode of this invention, in 
consideration of the complementary color with a particle-like fluorescent substance etc., the main 
luminescence wavelength of the LED chip 103 has 400nm or more desirable 530nm or less, and 420nm 
or more 490nm or less is more desirable. In order to raise more the effectiveness of the LED chip 103 
and a particle-like fluorescent substance, respectively, 450nm or more 475nm or less is still more 
desirable. 

[0035] (Package 102) A package 102 works as a base material which carries out fixed protection of the 
LED chip 103 into a crevice. Moreover, it has the external electrode 104 in which electrical installation 
with the exterior is possible. It can also consider as the package 102 which had two or more openings 
according to the number and magnitude of the LED chip 103. Moreover, in order to give a protection- 
firom-Iight function suitably, it is made to color it dark color systems, such as black and gray, or the 
luminescence observation front-face side of a package 102 is colored the dark color system. In order that 
a package 102 may protect the LED chip 103 from an external environment ftirther, in addition to the 
coating sections 1 1 1 and 112, the mold member 106 which is a translucency protector can also be 
formed. The rigid high thing of a package 102 which has a good adhesive property with the coating 
sections 1 1 1 and 1 12 or the mold member 106 is desirable. To have insulation is desired in order to 
make the LED chip 103 and the exterior intercept electrically. Furthermore, a package 102 has a 
desirable object with a small coefficient of thermal expansion in consideration of adhesion with the 
mold member 106, when the effect of the heat from the LED chip 103 etc. is received. 
[0036] Embossing of the crevice internal surface of a package 102 is carried out, adhesion area is 
increased, or plasma treatment of it can be carried out and it can also raise adhesion with a mold 
member. You may make it form in one with the external electrode 104, and a package 102 is divided 
into plurality, and a package 102 may be combined by fitting etc. and may be made to constitute. Such a 
package 102 can be formed comparatively easily by insert molding etc. Resin, ceramics, etc., such as 
polycarbonate resin, polyphenylene sulfide (PPS), a liquid crystal polymer (LCP), ABS plastics, an 
epoxy resin, phenol resin, acrylic resin, and PBT resin, can be used as a package ingredient. Moreover, 
as a coloring agent made to color a package 102 a dark color system, various colors and pigments are 
used suitably. Specifically, Cr 203, Mn02 and Fe 203, carbon black, etc. are mentioned suitably. 
[0037] Thermosetting resin etc. can perform adhesion with the LED chip 103 and a package 102. 
Specifically, an epoxy resin, acrylic resin, imide resin, etc. are mentioned. Moreover, while carrying out 
arrangement immobilization of the LED chip 103, in order to make it connect with the external electrode 
104 in a package 102 electrically, Ag paste, carbon paste, an ITO paste, a metal bump, etc. are used 
suitably. 

[0038] (External electrode 104) The external electrode 104 is for being used in order to make the LED 
chip 103 arranged inside supply the power from the package 102 outside. Therefore, various things, 
such as a thing using the pattern which has the conductivity established on the package 102, or a 
leadframe, are mentioned. Moreover, the external electrode 104 can be made to form in various 
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magnitude in consideration of heat dissipation nature, electrical conductivity, the property of the LED 
chip 103, etc. It is desirable that thermal conductivity is good in order to make the heat emitted from the 
LED chip 103 radiate heat outside while the extemal electrode 104 arranges each LED chip 103. As 
concrete electric resistance of the extemal electrode 104, below 300micro ohm-cm is desirable, and it is 
below 3micro ohm-cm more preferably, moreover, concrete thermal conductivity - 0.0 leal/ (s) (cm2) 
(degree C/cm) above ~ desirable — more ~ desirable - They are O.Scal/ (s) (cm2) (degree C/cm) above. 
[0039] As such an extemal electrode 104, what performed metal plating, solder plating, etc. of silver, 
PARAJUUMU, or gold is suitably used for copper or a phosphor bronze plate front face. When a 
leadframe is used as an extemal electrode 104, although many things can be used with electrical 
conductivity and thermal conductivity, 2mm is desirable from 0.1mm of board thickness from a 
viewpoint of workability. Copper foil and a tungsten layer can be made to form as an extemal electrode 
104 prepared on base materials, such as a glass epoxy resin and a ceramic, etc. When using a metallic 
foil on a printed circuit board, it is desirable to be referred to as 1 8-70 micrometers as thickness, such as 
copper foil. Moreover, gold, solder plating, etc. may be performed on copper foil etc. 
[0040] (Conductive wire 105) As a conductive wire 105, what has ohmic nature with the electrode of the 
LED chip 103, mechanical-connections nature, good electrical conductivity, and good thermal 
conductivity is called for. As thermal conductivity, 0.0 leal/ (s) (cm2) (degree C/cm) above is desirable, 
and is 0.5cal/ (s) (cm2) (degree C/cm) above more preferably. Moreover, in consideration of workability 
etc., the diameters of the conductive wire 105 are more than philOmicrometer and less than 
[ phi45micrometer ] preferably. Specifically, the conductive wire using metals and those alloys, such as 
gold, copper, platinum, and aluminum, as such a conductive wire 105 is mentioned. Such a conductive 
wire 105 can connect an inner lead, a mounting lead, etc. to the electrode of each LED chip 103 easily 
by the wire-bonding device. 

[0041] (Mold member 106) The mold member 106 can be formed in order to protect from the exterior 
the coating sections 1 1 1 and 1 12 which the LED chip 103, the conductive wire 105, and the particle-like 
fluorescent substance contained according to the use application of a light emitting diode. The mold 
member 106 can be made to form using various resin, glass, etc. As a concrete ingredient of the mold 
member 106, transparence resin, glass, etc. which were mainly excellent in the weatherability of an 
epoxy resin, a urea resin, silicone resin, etc. are used suitably. Moreover, by making a mold member 
contain a dispersing agent, the directivity from the LED chip 103 can be made to be able to ease, and an 
angle of visibility can also be increased. Such a mold member 106 is good also as an ingredient which 
may use the same ingredient as the binder of the coating section, and is different. Although the example 
of this invention is explained hereafter, it cannot be overemphasized that this invention is not what is 
limited only to a concrete example. 
[0042] 

[Example] (Example 1) The In0.2Ga0.8N semi-conductor whose main luminescence peak is 460nm as 
an LED chip was used, the sapphire substrate top which made the LED chip wash ~ TMG 
(trimethylgallium) gas, TMI (trimethyl in JUUMU) gas, nitrogen gas, and dopant gas ~ carrier gas - a 
sink and MOCVD - it was made to form by making a gallium nitride system compound semiconductor 
form by law The gallium nitride system semi-conductor which has N type conductivity, and the gallium 
nitride system semi-conductor which has P type conductivity are formed, and a PN junction is made to 
form by changing SiH4 and Cp2Mg as dopant gas. The contact layer which is the gallium nitride semi- 
conductor which has N type conductivity as a semi-conductor light emitting device, and the cladding 
layer which is the gallium nitride aluminum semi-conductor which has P type conductivity and the 
contact layer which is the gallium nitride semi-conductor which has P type conductivity were made to 
form. The barrier layer of the non dope InGaN which is about 3nm in thickness and is made into single 
quantum well structure between the contact layer which has N type conductivity, and the cladding layer 
which has P type conductivity was made to form. (In addition, a gallium nitride semi-conductor is made 
to form at low temperature on silicon on sapphire, and it has considered as the buffer layer.) Moreover, 
annealing of the semi-conductor which has P type conductivity has been carried out above 400 degrees 
C after membrane formation. After exposing PN each semi-conductor front face on silicon on sapphire 
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by etching, each electrode was made, to form by sputtering, respectively. In this way, after lengthening a 
scribe line, external force was made to divide the done semi-conductor wafer, and the LED chip of 350- 
micrometer angle was made to form as a light emitting device. 

[0043] On the other hand, the chip type LED package was made to form using polycarbonate resin by 
insert molding. The inside of a chip type LED package is equipped with opening on which an LED chip 
is arranged. In a package, the copper plate which carried out silver plating is arranged as an external 
electrode. An LED chip is made to fix using an epoxy resin etc. inside a package. Wire bonding of the 
gold streak which is a conductive wire is carried out to each electrode of an LED chip, and each external 
electrode in which it was prepared by the package, respectively, and it is electrically connected to them. 
In this way, 8280 packages with which the LED chip has been arranged were made to form. The resist 
film is formed in the front face except opening of each package. The package with which 8280 LED 
chips have been arranged is arranged in the container containing a pure electrolyte. 
[0044] On the other hand, the particle-like fluorescent substance carried out coprecipitation of the 
solution which dissolved the rare earth elements of Y, Gd, and Ce in the acid by stoichiometry with 
oxalic acid. This is mixed with the coprecipitation oxide calcinated and obtained and an aluminum 
oxide, and a mixed raw material is obtained. Ammonium fluoride was mixed as flux to this, crucible 
was stuffed, it calcinated at the temperature of 1400-degreeC in air for 3 hours, and the bumed product 
was obtained. The ball mill of the bumed product was carried out imderwater, and it was made to form 
in washing, separation, desiccation, and the last through a screen. The formed 3(Y0.8Gd0.2) 
aluminum5012:Ce fluorescent substance is distributed in Si02 sol. 

[0045] Next, after an acetic acid adjusts pH to 5.0, the suspension impregnation of a 3(Y0.8Gd0.2) 
aluminum5012:Ce fluorescent substance and the Si02 sol is made to carry out at once into the container 
with which the package has been arranged immediately ( drawing 2 (A)). An after [ standing 
(Y0.8Gd0.2) ] 3aluminum5012:Ce fluorescent substance sediments, and it sediments on a package 
( drawing 2 (B)). The package which the waste fluid in a container was **(ed) and the particle-like 
fluorescent substance deposited on the LED chip is dried with the air heated at 120 degrees ( drawing 2 
(C)). Both the thickness at an LED chip top and the base of a package can be in about 40 micrometers, 
abbreviation, etc. by carrying out, and can make the coating section form by removing the particle-like 
fluorescent substance which picked out each light emitting diode from the container, and adhered to the 
nonluminescent section of a light emitting diode next the whole resist mask. Furthermore, the 
translucency epoxy resin was made to form in the package opening circles in which the coating section 
was formed in order to protect an LED chip and a particle-like fluorescent substance fi-om extemal 
force, moisture, dust, etc. as a mold member. It was made to harden after mixing translucency 
EPOSHIKI resin in 150-degree-C 5 hours. In this way, the light emitting diode which is luminescence 
equipment like drawing 1 was made to form. 

[0046] A white system can be made to emit light by making the obtained light emitting diode supply 
power. A color temperature and color rendering properties were measured from the transverse plane of 
light emitting diode, respectively. Color temperature 8090K and Ra(color-rendering-properties 
characteristic) =87.5 were shown. Moreover, luminescence **** was 10.8 Im/w. Furthermore, each 
about 8114 light emitting diode was distributed within limits surrounded by x on a CIE chromaticity 
diagram, and y= (0.305 0,315) **0.03, and the yield was about 98%. 

[0047] (Example 1 of a comparison) Light emitting diode was made to form like an example 1 except 
having mixed the 3(Y0.8Gd0.2) aluminum5012;Ce fluorescent substance, having made it project from a 
nozzle, and having made the coating section form into an epoxy resin. The amount of the cross section 
of the formed light emitting diode of a particle-like fluorescent substance was uneven while the end face 
of the coating section was creeping up. In this way, the chromaticity point of the formed light emitting 
diode was measured like the example 1 . Although the chromaticity point of the formed light emitting 
diode was carrying out the abbreviation location on the line which connected the main luminescence 
wavelength of the main luminescence peak of an LED chip, and a fluorescent substance, it did not pass 
over the yield to about 61%. 
[0048] 
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[Effect of the Invention] It can consider as the li^t emitting diode which has very few gaps of the 
chromaticity called at least at all directions, they see from a luminescence observation side, and does not 
have a color tone gap by considering as the light emitting diode of this invention with the uniform 
thickness of coating. Moreover, it can consider as the high light emitting diode of the yield, 
[0049] Also in high brightness and prolonged use, a color gap and decline in luminescence **** can 
consider as very little light emitting diode by considering as the configuration of this invention 
according to claim 1 especially. 

[0050] By considering as the configuration of claim 2 of this invention, it can consider as light emitting 
diode with more high lightfastness and luminous efficiency. 

[0051] By considering as the configuration of claim 3 of this invention, a fall and a color gap of nearby 
brightness can consider as little light emitting diode with which a white system can emit light in high 
brightness and prolonged use. 

[0052] By considering as the configuration of claim 4 of this invention, white luminescence is possible 
and it can consider as light emitting diode with more high luminous efficiency. 
[0053] By considering as the configuration of claim 5 of this invention, a fall and a color gap of nearby 
brightness can consider as little light emitting diode with which a white system can emit light in high 
brightness and prolonged use. 

[0054] There is no luminescence unevenness and the light emitting diode in which homogeneity 
luminescence is possible can be made to form with the sufficient yield in large quantities by considering 
as the approach of claim 6 of this invention. 



[Translation done.] 
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[0028] *f&BH05%5tr^ ^- K{Ct5V^■t , 
ffi3K«4, 2SSJ^Lhcoa^«^3t*S:?l^S-ti-t t J: 
V^. ap^, Al, Ga, Y, Laat/Gd^Sm<O^W 
Jl*^^^l) 2mmi^J±cr) (Rel-xSmx) 3 (A 1 1-yG 
ay) 5012 : C em^mM-k^^XROBCom^m 

im'^-tzb-^x'^i, tt:. m^(r>bz^^mi^^ 

2 mmx±.<7^m.it^i:U^mm^^x mmco sfe^t^ a 

i>zbX'-t<r>m^msibmMTX'^imhmm±<o 
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[0029] .ICO J: 0 ^j:iiitf-m.%mi. %mmm 

i!A^\zii\^X\i%mmmW.^^h:itX\ J:0%Ht 

[0 0 3 0] (LED^'y7'l 03) *^BJ{CfflV^<i>il 
SLEDf-yri 03fc{i. 8i^tt^3t«c$:iaS^«e^r 
{>COXhh, l63l^^^T'J>l)LEDf--yTl 0 3{i. M 
OCVDffi^jCj: Oa«±tGaAs, InP,GaA 

lAs, InGaAlP, InN,AlN,GaN, I 
nGaN, AlGaN. I n GaA 1 N^cO^JIfic?-^ 

mt ixmfSi^^i, ^mi^mmb ixi^. m i s 

m. P I N«^^PN«^=5rt'S:5tl»f^^«jis 

I. . ^mmmm'^^com^mz x^x ^m.9:im 

mmm§:<mmx'^ immmmmx < ^t/t 
^m^j:mtmit-&mmm i-^i niGajA u 

N. Jt^t'L. O^i. Ogj. Ogk. i+j+k = 
1) -C*!., 

[003 1] ^A^jt^^mmmtm 

^, ^^frS^tctt-y-^r'f-V. SiC. s 

i. zno. Gamcomti^ifmizm^^i^M, wik 

^i¥mi:S^-M:^-t^m-^. GaN, A 1 N#<^Vn'-/7 
m±iZSi02i:-7X^'bLXmm.^^^fzGaiN 

mmmms.bLxmmi-hzbi>x'^h. zm 

^mmimmkS i 02Srx.yf-y^|^§-ti: 
^im^ii. Na^'-y^•yhtLtSi. Ce. Se, 

Te. c^^m'a.mxi-tzbmtu\ -u. pm 

VXhlZn. Mg. Be. Ca. Sr. Ba^SrH- 

[0032] g^bxry n^Am-fk-^^Wi, ps f- 

^N-y >, ^ H-7-L?t/^i{fCi±PM'fbL{c< ^^f^i^)Pa H 
5XvB^St^{::j: >)T--;l'-f SCitT-PS^kS-**; 



•y y rm^t^-fy r A TS«x^^^kIM±«c. 

^^)^j^^mwx'ht^m.^y^^hm. s-fkr/ws- 

S i i Y~y°^^tz'^it^ y=J:2.^M.i}^)^M.^WX' 
ftSvSttii. mtTfV^-^M, ■ f!^)^M.^MWX'hh 

pm^y-y vm. mit:^v^j^^mi^x'hipmay:}' 
y vmmmwz t (niimmzmihin, , l e d^- 

•yT 1 0 3 S:m$-frl.7t:W^{4-r7 r ^ TSiiSrWt 
SLED^«y7-10 3t^^. x-y^y/^iTf^J: 0 P 

f*ii±(3x^N°y ^ u yy=i:^%-mm&ts:)£-k^\^xf!\ 
mjmM<n^wm:^^-^^h. s i cs^o«^. » 

[0033] m$il/c^^*'>XA-^$-:r^ 

msMm^m's^Ltm. {i^-yii-yv) . 

ymmmmmmi-ix^^y(j<^iz± o^ft-^ 

xyN-{cffii6T»^xi77^7'7^>' mw) ^:mui 
mm^z^\wz^k. fmzja^x^Jin-m*)^ 

t^^:cn-i}^ii>^'yrmzA'yhtl, Z(DXdizLX 
^■^IZbPX'^l. 

[0034] ^^^n<r>m:y^ ^- Ktcfev^t afe^sr 

L E D f- -y 7- 1 0 3 <73±3%7tJ$:R{i:4 0 0 n mfeLh 5 3 
0 n mJMT*W^ L<. 420nmliUi490n mJilT 
*iJ:'5»ttV\ LED^-y7'l 0 3i;mi^«M3t*fc 
cO5»&'e<l-eix<J:0l^±S-frl>itJ':>{C{i. 4 50nm 
UiLh4 7 5 nmiyW$'^(Cift LV>. 
[00 3 5] {^^•ytr~'Jl0 2) n'7'r-'Jl02 
ti. LED^-yTl 0 SS-BflgSrtJcH^fiiSf 

fill 0 4Sr^r-ri., LEDf-'yT-l 0 3c7)S!c^#§{c 
-&t>-ti:Tlii!ccOPgpgi5Sr^^^f^^N--y:>--i;i 0 2i:1- S 

\zW,'^Wm:m^Mzii^^^h . ^v^(±A--y ^- 

1 0 2 (o^wsmmmifiv^Mzm^^ ^ ^i. . 

>'N*-y^-j/'l 0 2{i:. LEDf->yri 0 3$-$4>tc31-SP 

«*i!4^<ofifeat-|.;''ci«^{C3-T'f 11. 112 

\zMtx^m.m.wxhh=t-ivYmii o e^isJt 

111. 11 2^^-;PhWl 0 6i:co««tt**J:< 

BItt<7)®V>t<7)«Wt LEDf-.yT-l 0 3i:?hgl5 

tilS. $<c>fc. yN*-y^r->?l 0 2tt. LED^-yri 
0 3^:if*>^>cogft<Oi^SiS: o <tJt*^. h'gfW 1 
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0 6bcr>miti:^^ixmmm<^yb^\mmt i 

[ 0 0 3 6 ] y'C.y ^-'Jl 0 2<m^\^mii. xysK 

•y 1 0 2{i, mmm. i o 4 fc-«cw{cm$-ii- 

PS) , (LCP) . ABSfflJil, X.-K^ 

vW, 7xy-;HSlil. 7^y;HSlil. PBTfitug^ 

/N'-y^-i^'l 0 2$rBffe^{c«feS-ti:|,«feS'Jt LTJi 

r203, Mn02, F e203^;!?-;K>r7 7 ^'^if** 

[0037] LED^yri 0 3h>'N''y^-i^'l 0 2i: 
Ojt«{i»5S^I:ttffill§^ i: <c J: o -C fir 0 C t *5-C'# ^ . 

^ b^mihfih , * . L E D f - -y r 1 0 3 SrlEHIl 

1. 1 .y ^-y 1 0 2 i^Ko^'hasim 0 4 1 
h . I TO'<-;^ h , ±w,f^y'Tmifiim\zm\^h 
[0 0 38] m^^m.\oA) 9\-unM.ioA{t. 

<^Xhh. '?-c7);t;*^>'N"'y^-i^'l 0 2±(CiS{t^ix^C^ 

^ri:'«^<7)i,«^*W?>ni.. *Jt, i'hSI5miil0 4{4 
Jmtt, Sme^tt, LEDf-7 7-l 0 3c0!»tt^i:'^ 

Ifi&l 04(4, #LED-?- yn 0 3S-ffiS1-|>i:ft{C 

LEDf-7 7'1 0 3t!^hm!xWzm:^\-w,zm-:^'t 

(0:af*6<)^m5\jaJJii: LT (4 3 0 0 ;u Q • c mOTAW 

m^<:W=5rS^fs«JS{4, 0. 01cal/(s)(cm 
2)rc/cm) JiJLh*W*L<. iO»SL<{4 0. 5 
ca l/CsXcmZX'C/cm) JjUiT-fcl.. 
[0039] icoid^^-f-aim®! 04i:L.-Ct4, 

5 . ^'l-SPm® 1 0 4 1 tt U - H 7 1^- ASrf ijffl 

^{4 , , mm^\z J: o -c a ^ f w-c^ s 

jDl1i<7)fiAA» ^> «Jf 0 . 1 m m*> 2 m m*Wi U 
in ;<f9;^x#drv'^fl|^-fe5 5>y^'=5:i^<^Smic±'5: 
i^{ci5tt'?>iXJt>hgB«ffil 0 4 fc LT{4. i0?S^^ 



±M,mi^\^h^\i. wms:^m^t tt 1 8-7 
0/zmttl.^:t**ff*U\ i^ifco±fc^. 

i|iBa^'y='f=5rfc'SrJiltTtm\ 
[00401 (Smit^-^-V-l 05) ^mitV-^-V- 
lOSfcLT^^ LEDf--yn OBcOmfiSfcOjf-i 

t^7);:,J^a64>ni.. f?ft{5«J^t LT{40 . 0 1 c a 1 / 
(s)(cm2)CC/cm) feiLh**»tl.<, J:0»*U< 
{40. 5c a l/(s)(cm2)(X:/cm) ia±-e*-2.. 

±fz. f^tt^fc'?:#l:LT«l:tty'f-\'- 1 o 5m. 

mt. if* t<t4. 0 1 0//mIil±, 04 5//miaTf 
C:iOJ:3^r««tt'7>f-\'-10 5i:tT:a*W{= 

{4, a^. ryi/5-'>Ai?c7)^Eat/-?-fi'iio 

#m7'f-\'-l 0 5<4, ^LED-f-yTl 0 3Om® 

tifX%h. 

[004 1 ] (^rWWHgP^fl 0 6) ^-;^FgB«l 0 
10 3. ^mtt'7>f 1 0 5 . mi^^m7tf*:*«^W§ 

n^cn-r>fy^a5i 11.11 itsizmm-^hmL 

^hft^\zmyth:Lti:^X:%h.^-}VYW^\Ob 

^-;^^'gp^^l o e^Tj^^wtt^t lt{4. it L 
m!,zmifzwmm'm^i-£)£i^mL\z^\^t:,fih. 

ttz. h'gPWcfeffic^filSr-^^-^-ti-^ Z b izX -yX 

LEDf-^yTi 0 3i}-i^(7)mf^mmm^-^wfmm 

^-rcttt'^l.. ^-;WHg|5«10 6 

h t<0T'{4^(r^; i:{4Wd 
[0042] 

[ntg^j ] ( mmm DLEDf-yrttt 

^A<4 6 0nm<J5I n0.2Ga0.8Niti^*$-fflV^;t. L 
ED^-y7'<4> iife?tS-tJ-fw-t7T'f-V««ii±{CTMG 

( hU^^;P;^^i;'>A) TM I (hD^^/U-fy 

r;!fXtS{C25t. MOCVOrnX'^it^V^J^^it-^ 

mmmm^-iti z b izx 'om^^^rz. h-a-> 

h;(ixbVXSiH4bCp2Msb. im^llZb 

izx-^x Nmmw.m^-ri>mit:^'j ^j^j^^mt^b p 

ttimit^V '^A^^f^sT-AI. 3 :? hMb . PS 

^ 7 «y vm. pmmm^^^i>mit>!f*j^Aimi¥v 
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^ hit PS^S145:*-ri. h'iit t^raicif 
7*1 nGaNc7)vgttJl$rffM$-ti:fw. (^io. -tf7r^ 

(i, «^4 0 0"CKiUbT-r--yW?-tJ:-C*l.. ) x-y 
bLX3 5 0//mft(5DLE Df--y7-2:jefig§-ti:7t. 

[004 3] Ay^-vmzX'^r^'jti-if^^^ 

- Vm^^^^^X ^ 7-L E DcOA-.y *r-Vm 

D^-/7-*iBe$ixl)^Pg|5^fi!lx-C^^^. yN-.y^-j/cf 

I. . /N- -y ^-^'rtSBT'L E D ^ -y 7-S:X--if^ i-ffllt^ t' 

D f - -y 7-<0:&mS tJ-^-v'r- 'y\zWi.i^hixtzm^^ 

k iz^ix^tL"?^ ^-ii(yT < y^^-tmm\zmm 

^tXhh, :iO LTLEDf-•y7•*^a$i^^t>'^"•y^^- 
v$: 8 2 8 0 (iJg^$-ii-7t . #A-.y ^-y<7)gBag|5S:l^ 
<aSJC{i. V>'';^h^*^^SiXTV^I). 8 28 01 
L E D f-y 7>'iea$ ^l^y-? -y i^- v S:*ifi^W!l^** 

C0 044] Iffi:^. Wf--m.m.\t. v. Gd, Cec?) 

m^-^fz. zix^m.Lxn(=ti^mmmb. k 

•ftr^l- 5 A i: t -C M-^iS*^ ^tf I. . c: 7 7 
•y Lt 7 <y-ft;Tyt::i'>i^Srii-^LTJtii^{ciS 
yj, 14 0 0' COS«T'3l^|SIMfiSLT<Sfi!tift 

s-t#7^c. mmsh^yH'PTyi^-)u^)\^ix . i^m. 
te^. ftf^{cgs^aL-cjgfi£$-tt^c. m&^tifz (yo. 

8Gd0.2) 3A 15012: C e miiSf^ltS: S i 02V;P4'{C 

[ 0 0 4 5 ] JX«C, g^BSfP H$r 5 . 0 {cPSL^^f*, 
l:*>{^A'-y^->;*igES$iX!t^S't'{: (YO.SGdO. 
2) 3A 1 5012 : Ce^mft S i 02y;PS:-*fcSS 
aA^-tirl. (112(A)) . »Bf^ (YO.SGdO. 2) 3A1 
5012 : C emm^A^ikmU'<y'>--i^±iZimt?> 

(02(B)) , §Srt(^g|jR*I^LLED^-yr±{=«i 

'iF^m^mmmLrz^'<'y-ir-=j^ 1 2 os«cjDiiL?t 

S^ri£JS$-ii:l. (112(C)) , zcomz. ^Is*^^># 

{'f+if uzn=f-^mmi \y 'Jx hvx ^ r i: i^f 1. 

^ i: «C J; T L E D f- -y 7'± t >'N- -y ^- i/'iSffi fc <7)KJI 
S::fc**T'#S. $^>(;. LED^-yr^^ttSJtft: 



mt ixm%'&:s^^^^i^mm-km^^^tz. s^tttx 
^^'y^mmwix^. isoxjsBtiajcTS-fks-iffe. 

[0046] %t,1xftm^y>{ jT- 

fz. -fefflSSOgOK, Ra (iifettm) =87. 5 
/c, SA>«C. CIEfe^ll±Ox, y = (0. 30 5, 

0. 3i5)±o. 03X'mttifzm^^i,z, mi 1 
AMco^^tity^ t-\'m^ixt3iomtm. ^ 

9S%X'h'>fZ. 

[0047] (Jtff^Jl ) X;K^i/^||t4'{C (Y0.8G 
dO.2) 3A 1 5012 : C ^im^^U-^^'^X ^ XlVi)^ 

hm\i!^^^^-T^ymmm^fzm\i. mm 
immizLx^^y^if-Y^^^^^tz. mmti 
tz^^y^ ^- Ymm\i. 3-T -f yyuff^^mmt 
\. ^±*>'o x\.^ht mzwf-^-^m'<r)M.tp(^m-'X'h -> 
tz, zo Lxm^tLti^r^ m^^t:m 
mitmmizm^Lfz. mfS.^tLt:^^r^ ^-fcos 

iS^Ji, LED^-y7-iO±^3tt-;?t^3tf4c^7)±f63t 

m^imA.m±.m&s.bx\.^fii}i. ^trntm 
i%{cL*>ar^r7&»o/^. 

[0048] 

mibx'j'^^j:<, m.mmm^-f^M.x&mi'tim^^^ 

^y-^^-¥t^'^hZti]<X'^t. tfz. ^t1(7) 

[0049] mz. :^mnm^m i iz^m^tt 

iztizx'omm^. ^^mmizii\^x i,^-ni. 
m^m(oisiTti^mif)X'jf^j:\>^^^y-( ^-Ytt&z 

[0050] *l|HHc7)if*3l 2 co^^i: -fl. i fc tcJ: 
[0051 ] *%BBOil««3<^fll)«i:-rS Z t iZX 

*). ^m&. ^w\(^mmiz}3\,^xhxm^<^^T'^ 

[0052]:^^m(^m^m4cr,m^ti-lZtl,zX 
[0053] 2|s^HH«Oi8^3l5«Ofl}Bgi:'r«. Z k IZX 

K). mmm. ^m^(7)f^mizm^xhxm^cr>mT'^ 

hZktfiX'^h. 

[ 0 0 5 4 ] 3|s?6BB<?)i«^6<^*ffiti-S fc tcJ: 
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10 3- 


• • LEDf-'v7° 




10 4- 






10 5- 




[[11 J H Hi. *^0fl^O%7C^Sf ftSf-yT^^'-l T 


10 6- 




LED c0^5>;WKIifflllf <b 1) . 


2 0 1- 






m 






202 • 






203 • 




1 1 1 • • LE Df-<y7°±tfO 3 -r-fy^gp 






1 1 2 • • ■ ^Wciwn-x-f y^gP 


204 ■ 




102 • • ■n-,'r-V 


205 ■ 





mi] 



[112] 




104 



2 0 2 



2 0 1 



2 0 2 



■2 0 3 



-10 5 




'1 0 S 
'2 0 4 



20 6 



t 0 8 



[SIJiia]«14^2^ 12a (20 0 2. 2. 1 
2) 

C W*IB 1 ] Sj^#:±t^iEa$nfc L E D -y r t . 
I^L E D ^ 7 7'«> <i>(7)%3tcOi!'-^< i: t>-a52r®JR 



HtriBLEDf-yr±&i/iiines:J#ft±t. fries^^m 

3tf4ttftCil'^=5r<i:tSi. Al , Ga, Ti. Ge. 

mMThtmim i ;bS2i2tu«7)^^>f ^- h. 
[a*^4i HtriBLED^./r«±iBte-^'*«4 0 
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V^i«*3i3iBfl<7)||3K^^^ 3}-- H . 

i_xSmx)3 (Ali_yGay)50i2'Ce 
Ogx<l, Qgygl, Reli, Y, Gd, La*>4> 

LEDf-•y7•*^'g^B$i^/c51^«:±t. 

«ft^8lL-CI^-ri.Si^«i:3t*i:ftt'>'5:< 1 1 S 
i, Al. Ga, Ti, Ge, P. BmT)V^V±M 

^xmi^i^wi-fiz-mzmm&x-th z t ^rmt-t 

1000 1 3 

^^zm:m^ti-h<rimAmem.\.x%m 
W£1^m■^-^■fhmty^^-Y^zii\^x. mt-n 

[0002] 

wfts:\^. mw^>mzm.. mwm/mmm.'<) 
-^'^nnoym^x.xmmtix^^h. Lt^L^jiti^ 

LED«jgfLJtmfe14e-:^a:g$-W-tS3&<fefca 

^ts:}i:<nmilk^-kmtthZhifX'%ts:\^, 
1 0 0 0 3 3 -?-::T\ *tH^At4. WfeH^t/'f Jl"- H 



X. ^lfW5-l 52 6 09^;&|g. !^^¥7-9 9 3 

4 5^mts:)i\.zimwdm.f^ is- Y^m.\. 

ti. ZtLtyCOm:^^ :t'-]ilzX'yX. l«a«^LED 

[0004] mffrWta. #fei^*<fBt^flg^LE 
■y 7-=S: t'Sr U - K 7 ^-A<7)5fe^ti5{t/i,ii7t;!7 'y r± 
^t'tCffiS-ri.. LEDf-.yr{4, LED^7r*>iS(t 

^IX. LED^-yrS:MStl.ffilil*- 

;P HgKW+^t'i: L E -y rt't^co^m^R LjS^^ 

x%t, 

[0005] 

m:y^^-Yi:m.^-tt:^^\.zi5\,^X. mSt^^ 

L<mtwi^TtmHzhh. ttz. m.y^^ 
-¥cr>mmmm^zi5\^xm^^j:ii^^^tst^i^tht 

[0006] mmzt,t. ¥tmMm{m-^t^^xm.m 
^x'hh L EDi--,rimm.^ixtz'^-t^m^^nt< . 
^mmnmz^)yifmzn. B'^^ia^^uwf^h 

iii^-^mi. Am<Dmmmi. &^izm^xmiz 

[0007] zcoj: 0 ^j:mmmmt:mmthzt izx 

■fe y^f-'Sr tW18Stfe{tl.lSII$r4-rs Zbizh^j: 

fcfc ^ ^x ^m^y^ ^- K ojwis* wri. m^ti^h 

:i^%m^t±Mmi^-^imL^mm{zmh^ 
mtst>^%yA jf- Yz:t<^j<.'^v^tfiWf>x'jf^j: 

I.. 

[0008] 

m.^fi-fzLED^-vrb. mhEY)i'-vri]^ti<nwt<^ 
'}'^t£< b {.-^muimk'mLxm.thmm 
mib. ^^hm:y>iit-Yxi)->x. wix-ed 

'J'^ts:<bhSi^ AK Ga, Ti, Ge. P. BRX/ 
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c 0 0 0 9 ] , mm2iz%im^m(r)m:y^ 

^Mmt:^ t , iirie L E D ^ 'y r^msm^'^m.iz 

[0010] iS^iB 3 l=IE«c7)3|s:|gBjc^^^y^ ^- f 
. ffie L E D ^ .y 7-<0^1*5Mft:!feimft-^!|%*^<* 

I. 1 2 IBtK^T)^ r ^ ^- K T$) I. o 
[0011] it*iM4 t:iBitiO*^HBcO^^^'f ^- H 
a. B(iieLED^-y7-O±||3Kf-^'*M0 0nm*>/i> 
5 3 0 nm-Cft 0 , l.OHfriee^«®3t(*<0±^a:R 
TS^Mie L E D ^ -y rCDi.m: t - ^' i O i ^iS^JH 3 

[00 1 23 m^m5iz%m<^^mm^r^ ^f - h 

ii. MIEL E -y 7-c7)|Btii*^'Sfk!|*mft-&ft^»* 
T-J)"?. B.OBUiaSl^««3Kf**^' (Re 1 _ „ Sm, ) 
3 (A 1 1 - y Gay ) 5 Oi 2 : CeTh^^^^l 

[00 1 3] fcfiL, 0^x<l. O^ySl. Re 

mvh mm 1 m. 2 %m<^m^^^ vvhi. 
[0014] m^meizimco^mmmumii, l 

ED^-yT;<)>ieS$il/iSl$i*:±(w, fiiaLE .yT* 

1-|.«i^««itftfc*{C'>^r< i: t S i . A 1 . G a. 

T i . G e . P . BmrfV;^ 'J ±«7C^<7)-ax«Z 

[0015] »*iB7 ti2«!o*^Hflom:^rffia. fr 

[0016] m.m\,zim<r>immmmmii. m 

^m^ix'^uhixh ; t mmt^msm ttzu 1 \z 

y-fU<r>W-^ii^\^ e d f- -y r±s,iXL e Df- -y r*<ES 



^^^^^ jT- H r fc 7^i^ § i^Xii'-Ki: < -fl. 

tz^^-y ^-'j±^zm-m.%mmmm^^hzt \,z 
ct 0 , ~mz±M.<r>m.y^ ^- h srastt^ <m^^ 

^hlblfiXth. LED±tiES§ni.ai^tt^3t* 

r -f >m(r>W7i. ) ^i!^mz%m'^^h ^ t *>'-c# s . 

^^th^tifX'th^ 

[0017] :2-^^yyUifiSi. Al. Ga. T 
i, Ge. P. BJli;fT;W;^'J±ffl7C^<7)iaXl±2a 

\;^^mmmxhhmmx'%t^m.%mfU 

yVtl. in(cJ:OLED^-yr7!)^<o<Oib«E6<)ifv%x 
[00 18] 

^»±iz^m^titin^vm^iiik mmizm^^ 

^izt izx-^xm.mmmizmimts 

fir t 7df I. r t Sr^tB L*l|BB2r)« 

[0019] mmmizm^mts^'^my^ 5^ 

^ yy^'¥iz^tiim^^yti^<r>^mmizmh 
m^t'^-f^zbuzii'o^'r&t^Ki^M. 3 
-T^ yi/mmmmm^-t^^^fcmmir^m 

V ^ y X)\/cotta ■^^t^(>otiii^-th'iti>zX'} X¥JiW.(0}t! 

[0020] U*>L, AM>'r-4't^^r§ilit&i^^* 
«5t*$r L E D ^ 7 7-±(C^41^-flO . ^mzm^ 

^^ztiim>xmi^\ ttz. ^uyy-m^"^^ 
-T^yi^mm-ri^^'y^-i^mm^j:i^kmm:h 

[002 1 ] wc>/^^^mmm±i<zn\^xmmizL 

ti, LED^77-±fc-?-ixlU?K=ffM$it&©i^<^3te 
«t*«i^-tii2SS-ti-|> r t ic J; 0 . feiltf A,^*&|6itt=3: 

(a-r ^ yj^-ggi 11. 112) 2is:^BBtcfflV^f>ix|. 
y/lBSl 11, 1 1 2 
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1. 11214. LED^-yTl 03±tfSttf>nJt3- 

T -f y/a5 1 1 1 oim-b l e D^<y ruw'hco^^SfWci 

tiStfoit^n-x^ 1 2<0lf;^ifc*«iiS^L 

lilt. ^»t=5rl.A-.y^r_c;i7)fJpa5^ffitCig{t 

<i>tL^v:3-T'f>'i5'gBi iitmMi. %mmm 

[0022] 3-r >f yy^m. f] y 7°^ tie J; D L 

X hKma^ti^-T- ^ y^uimmi^<r}%:si^}v^ 
< ^Ji^>i^'-^^m:'^m^j:mmmmi^^ led 

f--yrt LTfyfflt/c^^ti:. ^ti(:>cOKJ^^fU^-^ 
l,ZMtX«^'&(r)hlSi , Al. Ga. Ti. Ge. 
P . Bm7)\^:f! U±m±m(r> l SXt4 2®mJiWf i. 

mitmmmt txmm-tiztmt 

[ 0 0 2 3 3 a-T ^ ViJ^gPcT^AfiltSgiW^iO— P t U 
TW. S i O2 . A 1 2 O3 . MS i O3 (^rfc. Mt 
tTti. Zn. Ca. Mg. Ba. S r^rf 

J: mi'}'mmmm^tii§mzLEDi-y7'^^ 

i*i±lz)m^M. =3r*5. n-T^y^^mzit. 

[0024] c:coJ:a^3-T'f 1 1. 121 

3— r-f y^^gpil 1 , 1 2 lorat^sai^« 
^itfttfe^ffJt ^ J: <ii-^§-tir«tl2 0 2i*itSfai# 
mOl<^JX)Vti->hm^th. ^l§2 0 2l^tCtt. L 
E Df- •yr&Wflo'N*-/ i^- V 1 0 5*^'iBfi$iXt 

yX;P*^^>iftai$iiy::ttm. SSS?Si:tT^S2 
02n^Zfzth. ^§l2 0 2 5:f?gLTfc<t, 

^4i^*^'iti^ L^n 2 0 2 ffi^Si^zwmm 20 A mm 
1 0 5 srix 0 tut i t J: 0 ^if-m.±w^^thm, 

^ixtz%xm^^fixwtfhm-^mitmy.^o. l 
E D ^ -y 7- 1 0 3 t^it Li^±t . m-mm-ti^m. 
Ltz%ifmmm:ii^zhh%^. ^ti^ti<r>±^:m,^ 

^^h:itX"^^^%m-h.:ihtfiX%h. ^wmz 
44. LED^-yTl 0 3*>4>O7ti:. ^tiliZX-^xm^ 

ififem. {=ffla-ri.*^LEDf- 



•y T 1 0 3 *« Ltz^^cnitt . -eixlcJ; oTBS^ 
[0025] |g3K:5^'f jj"- H<0563tfet4. aT«S3t«c 

-h'<7)^l-la5tCl4. LED^'y7-*>ii><03tt«it**><i><7) 

[0026] mmn=?--m.%wb tTt4. fi!r#?s 

^tiTtm;* K SffilS^-b y -^AT'ftvS^iXTt:^ -y b 'J 

iSWSl.-:>:Si^lSI«Offiffll^tCt5V^Tt4 (Re 

1 - X Sm, ) 3 (All- y Gay ) 5 O, 2 : Ce 
(Ogx<l. O^y^l. fiL. Rel4. Y, Gd. 

L a*><5>^i,epa: ^mmixh'y^j:< t h-m<07imT 

hh, ) ^sKmtLW ?4?«IKmt tX'^^Z (R 
ej_3jSmx)3 (Ali_yGay)50i2"C 
e m^^tz^{Z\,i, LED^-yrt«f-&g4VH4iS« 
LXWl^ixmmSLkLX (Ee) = 3W- cm- 2 
tJLhl OW • cm- 2 OT{Cfc>'^TtS^$t+^^W 

[0027] (Rei_^Sm^)3 (Ali_yGa 
y ) 5 Oi 2 : Cem^l4. H-^-v Vmm.<r>tz)ii. 

Onm#jS^t'tC§1irl,<It*iTgi&. t^c. 
t 5 3 0 n mftjfit* 0 7 2 0 n m^tlg?:?! < 7'n 

t> . fflfiScCT) A 1 tO-asSr G a TSmT^. ^ t T^?t»J:R 

timmzi^yvL. ttz^m.(r>Y<r>-n^GdxmM 
m^i^itti z b x^/t&^mmmzmmt z t 

*^mxhl. Lfzt^^X. ^^9cmmsS.i:I^Gd<r)1^ 

mmm lx &^M^<,z^m-htdi><mmiXi^i:m 

tX^-^h, 

[0028] Z<r)iio^j:m:mi. Y. Gd. Ce. S 
m. Al . ha.-&X/Ga.<DW^bLXmm. Xttftffl 

xm^^zmm\ztj:h^-^mmmL. ^tihuf^s. 
mucx+'rf^zm^Lxmmnh, xt4. y. cd. c 
e. sm<r)^±mmi:it^mkitxmzmmuzmm 
mmmxm, uz h<r)m^Lxnhixh mmm 

mmnh, ZtH,zy^-y9XbLX7-/itry=^~^ 
Alp<7)7'y-fb!fe^jSa«'&LTJtllltwity). 2S^4'13 

5 0~14 5 0' Cc7)fi;giEHT-2-5B#^^figLT^ 

^&x^nh. mzm.m:^^x'^^-)ViivLx. a 
jt. m.. mk. mk\.zmmzbx:fmm.=i-^ 
m^^mzbifixt^h. 
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[0029] i^^COm^y^ h' tfcV^-C . ©i^tt 

BP*>, A 1 , Ga. Y, LamfGd^SmCT)^^ 
l*mi.2amXh^ (Rej _ , Sm, ) 3 (Al 
, _ y Gay ) 5 Oi 2 : Cem?tf4!5:m^Siirt:RG 

[0030] L<r)lotj:m-m.%mt. 

nMza^^xt^mmmmu^^hzhx. 
if^m^zmx^xmrnmrm^uz^^jmnm- 

(LED^-yri 03) *i%BBt«»-^f>iXl.LED^-/ 

3%3t«^T'J).?.LEDf- yri 0 3«, MOCVDS^ 
lCj;0»K±tCGaAs, InP, GaAlAs, In 
GaAlP. InN.AlN.GaN. InGaN.A 
IGaN. I nGaA 1 N^CO^®f!|s€-f65eit ttj^ 
fi!t$-ttl,. *2f(*<7)ffi3gfc LTa. M I Sjg^. P I N 
«^^PN^-^^i:'$r*t-|.**tilji. ^i-u^rnhh 

TO^f Orla^aSlcJ: oT^Tea^g^M^StK-tS ^ i: 

^-m.l n i Gaj A 1 k N, fzfi\.. 
O^i. OSj. OSk. i + j H-k=l ) 
[003 1 ] g^k;<^'J'>A^ft-^fti|^frS:<*fflt7ti» 
■^s ^MWWmz\,i^-7r^^. SiC, S 

i, Zno, Q^n^(nmMfiWzl^\^^iih, ISfa 

^Wm^^^^h^-^. GaN, AlN^<0A-y7 
r-Ji«-mL-5-«0±tCP N«^?:W-^S§fl:;y'J -^A 

aM±tcSi02 Srvx^t UT®JRfi!t*S-ii:;^cGaN 

w^s^^mm.hLx'^mth^h^.x^h. :L(m 

#^*«^jefigSiS i O2 5:x-yf-y/|^§ii- 

I.; k J: oT^tKS^ i:-t7 T ^ T*Mi: ^^Bl^-y: 



HT'$)^Zn. Mg. Be. Ca. Sr. B a^J- K- 

[0032] gfk^y u ^j^mc^msmt. ps k- 

ys-y ). 5. UJtfc ttfti PS-fbHc< V ^fci^ PS h' 

m^i^^. m.\'cr)v^~'^hfMw^x%m:'it^f^ 

^J»' :^V^J^^WXhlfim^y-y}^m. Znm 

9 vmimm^ixfz\,<r>tmmzmi hfih , led^ 

•yr 1 0 3 5rJgBg§-ti-|.7tWct±-*f 7 T ^ r»KS:*t 
l,LEDf->y7'l 0 3COJ^, X ^yf-y^/^iflC J; •) P 

f*ji±(cxn-.y "J vr^-mmiW£}i-k^\^xn 
mrmm^^m&m^^^h, s i cs^^oJi^. m 

i^Xth, 

[0033] Mz. J&^^td-z^MW.-^y.)^-m%:yA 

JSv^s<^«^t:)]oa^^im (>N-7;<?-y h) . ^\-y)\,zi. 
yYiwmM^'m-thx^'y^)^-\zi. o^^n? 

»3i@«fc?|v^fcf^. J'l-:^)fcctoT'>xyN-^iiJO^ 
f!|!n7XA-*>4,^.y7*:yctX/-y h-rs, dOiptltT 

Sftifij^f k-^iBj^Jifiis'CS) i,LEDf--yrio3 

[0034] -^w^a^mty^ :t - K tcfc V efem ^ 
m.^'th^^^t. ^=tm!m):.<rmm^^^Lx 

LED^7 7*103 <?)±fBie^:g(i4 0 0 n mtUiS 3 
0 nmOT*W* t< . 4 2 0 nml.Xh4 9 0 nmtJlT 
*^J:Oifi;Hr\ LEDf- yT-l 0 3kiK[^tt^3t«!t 
mi^^^tl^il^ 0 |6|±§-ti:l.;ta6U4, 4 5 0 nm 
1114 7 5 n mOT*^'S ^,tCiif ^ tV\ 
(y-N-.yir-i;! 02) ^N'-y :>--J^' 1 0 2W. LED^-y 
7-10 3 S:[HgKl*l{clI«^fe^-ri.Sj$«tk LTiK . ^ 

LED^-y7'103 (rm."^^ S \,Z^h'±X'm.<n 

muU^m->fv^-y'r-'J\02t'th:Lt\,X%h> 

tfz. nmi,zimmmmfc-^i>f::tf>izm'^^^^^t' 



ttzMza-T^ ymi 11.1 1 2cjoi.TS3Ktt 
A'.yir-i;i o2(i, 3-T-{y/Sl5i 1 1, 11 

2^t-;PhW 1 0 6 <BH40Sv^t 

mm^Mhfcihizm^^^tizb^mtfii , 

3 KSCW 1 0 6 1 <0S&« 

[0035] vN-.y ^-i;: 1 0 2(Dm^\^mmi>t. xy^-K 

•y ^- j^' 1 0 2 , J'hgpmiS 1 0 4 i: -(*:6<Jtr.?g)S$-tt 
T t <J: < . A'-y ^-i^' 1 0 2 i)<mzm-ti. iObS,?*. 
^j:t^zX<om^'^i>^xm^$^XhX^\ ZffiXd^j: 

A-.y^-i/i 0 2ti, ^ yf-mm^j:tizx 'omt'j 

V/j-^^^-hmi^. ^'J7 x-uy^juyr^ V (P 
PS) . J«^--Ki;v- (LCP) . ABS» Xv-K^ 

i^mm. 7xy-;ns)it. 7^ 'J mm. PBrmmm 

rjOg, MnOj, FejOg J^;5r-;Ky7"7 -y ^'5: 
[0036] LED^yri 0 3i:>'N''y:>--v'l 0 2t 

^t'AWo^S. dl^c. LED^>yri0 3SrieaS 
S$-li:Stftt::>''?-yi^-i^'l 0 2rt<7)5'|-a{^«il 0 4 1 

h . I TO^-x h . ^S>'N'y7°^*W3itwfflV^/i> 

(?hg|51:ffil 04 ) i'hgPSMl 04«, yN'-y^r-i;i 0 

2?l-gp*^^>oS:*]2ri*)M2a§n/iLED^'yri 0 
3l,zmii^^-^:^fMzm^^(:>tihrzib(0ij(r)X'hl, -e 

o/>:*b.''?>y)^->'i 0 2±.iziki')-t>titimmm^'th 

^g^tt. LED^-yri0 3<^#tt:&i^S:#mLt:a^ 

<7)iz^^ izB^^^h z b *<T# I. , j-hasmffi 1 0 4 

ti, ^LED^7 7-1 0 3 5rESr.?>i:ftlCLED^.y 

ri 0 3i}'(>miii^ixfMnmzm:^'itifzif)ms 

^i&mb LXit 3 0 0 ;u • c mWT*W^ L< , i 
'9»tU<(i, 3//Q • cml;J.TXS>h, tfc. Mm 
=5r2M5#SE«, 0. Olca l/(s)(cm2)(ic/c 
m)l:J±mtL<, Xmtl<i± 0. 5c a 1/ 
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(s)(cm2 )CC/cm) ti±TJ>l.. 
[0037] Z(r)Xo^j:^mmmi04blXii.m^ 

.ydf^itiBa^ •y^^^b'imifzhcoA^imizm^^hix 

h . J'haim® 1 0 4 1 U - H 7 l^-ASrf ijffl t/cJi 

aiO:it«0ffl^*-"^:KiS0. lmm*>^>2mm*<iftL 
V^. ;<f7XX,-K^^1Slg^-b7 5-y^'^:i;039$»±=5r 

t'tcigtt^ii^ci'hasmi 04t LTti. mm^ify:/ 
XT-ymm^^-ittzbtfT^i. rvyhmi±iz 

^m^im^'-^im-kii. mm^j:b'cr>m?*-b ix 1 8~7 

; (^m^'f-v-ios) #mit7-f^r-i 05tLT 

LED^-yri0 3<50l;l5t«5r-5-y^'tt. «8fiS 

fll. . f?WK«JKi: LTti 0 . 0 1 c a 1 /( s ) (c m2 ) 

I CC/cm) JiLh*^'»^L<, U<{i0. 5 c 

a l/(s)(cm2)CC/cm) liUiT'$>S. ^/C, 
^tt^fSr^JtL-C^mttV'f-^-l 0 5c7)l:fHi, » 
*L.<li. 01 OAtmJiUi. 04 5//mJilTT3bl). Z 
coJ:o^j:mm'&'7^^-10 5bLXM:Wmzli.. 

>f-^-10 5{i. ^LEDf-^ri OSiOmfiifc, > 

^_ . ij _ K2jt;r-7'> y h • y - H^t't . iy-(^r- 
-f y ^illitc J; -?-c§^tc«igg$-y:S z b t^Xt 

( h'SPtt 1 0 6 ) KSPW 1 0 6 
^:t-F<^<Kfflffl^t/li5l;TLED^7ri 0 3, 

y^asi 11.11 2^ifS:^'hgP*^4>fllMtl.;tfttClS 
^^hZbifXth. ^-iVYWmiO 6(i. ^a^sg^ 
li^^ri: Srfflv^TJBB^S-lirl. Z b ii<X'^ h . Kgp 
*J 1 0 6om«c6W^t tTtt. ±fc LTX,-K:^f>'jS 

Bt. JL'JTW. i^u^-ymm^sncrmmmzmfz 
'&mw'^m'f-t£mwzm\^t:>ixh. ttz. ^-)v 
vm^zmmi't^^'^h t J: -^t l e d ^ -y r 
1 0 3ir>t>m]^mwm^^^n^m^-fzb%,x 

^mmmb^tmm^:m^^xi>^^^bmhmb 
Lxi>^^\ OT. ^m<7m&miz-:>\>^xum-ti> 

^wmmmimmm<omzmm^tih t wa=5r 
\^zbiimotxi>^\>\ 

[0038] 

immm] (mmmi) LEDi-'yrbtx±m:^- 

7*M6 0 nm<^I no . aGao. s N^^^ftilrfflt^ 
fz, L E D ^ 7 7'ti. ^it?t;^ •ti:!^>:-9-7 r 'f -\'SfiLtlcT 
MG (M;;><-?-/l';<f»J':7A) TM I (b'J;<f-;U 
>f yv-'ju-^A) m«;<f;^aufh'->"«yh-<f;^S:^ 
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^'?yh;y;^i:tTS iH4 tCP2 Mgt, imwi 

^■^^•^•yyrmt^^xhi. ttz. pmmm^i^t 
^^mwii. ^m4oo'ca±.X'T--j\^^-txh 
h. ) 

X -y ^ y^iiZ J; 0 -9-7 r >f rS«±c^ P N^^zSfr^B 

^i^t tX3 50umn<r)LEDi-yrt:m!S.^^fz. 
[0039] -U. A hfiJU^tci 0'-K'J;&-;J<;t^ 

filc$-e?t. ^•yr:J"f7'LEDcO>'N'>y^r-i;|*iti, LE 

^^•y^L^cfl?S^i'hgBm@t LTieaS-tirTS) 
^N*-y^'-a^'rta5TLED^>y7*?rX;l^:^f>'«|lit^:ii' 
S-fflV^Til^^-^l., 2^«ttV'f-\'-T$)SMIS-LE 
D f - 7 7-<7)^mffi i: ^ N° 7 ^- i^'ttStt tXTt^^'f-gPmffi 
t \.Z^fl^KV>{ \—ff-yir -f y^^S-ttm^WttgggS 
■tirTS)!.. L.TLED^77•*^i^a$i^7t>''«•y^^- 
->'^8 280 Wl^ctJItfc, #^N'7^->-'CO^Pa5^l^ 
<«ffl(Ct4, V'JXYmim^%flX\>-^h. 8 28 011 

[0040] mn. "^"fim^Ui. Y. Gd, C e<7) 

ftit$-t*-/c. zixiimx^xnhtihmmmt. m. 

itni- 5 --^^ A t M-^LXM-^WMm^. Ztl^zyy 

X tlx 7 -y itry^-'^Aim.-^ txm^zm 

y>. 14 0 0* CO?SS-p3B$faM«LTM«iffi 

s-f#7t. m^u^7ii'¥x^^-)\^^)}^Lx . mrf, ^m. 
nm. mmzmmixmi$.^^fz. mm^titz (y 

0. 8 Gdo . 2 ) 3 A 1 5 Oi 2 : Cem^tftSrS i 

O2 V/u+t^^tiSits. 

[004 1] mz. mmxp h s- 5 . 0 izmmttzm. 

tt*>tc^N-7y->-'*«EE$ix/c^S4'lc (Yo. 8 Gd 
0. 2)3^15012 :C em^i^t S i O2 V;l-^ 
-^icSaaAS-ti-S (122 (A) ) . ( Yo . 8 



Gdo.2)3Al50,2:C e^t/tm^-mU-^-y 

ir-=j±izmti (112(B)) , mmmmmi 

1 2omzmifz^%xm^^i (02(0) . ^ 
cof^ic. ^^i}^i^^^y^:^-Yim^&ixmey 

VX:? r t l^tl. 1 1= J: LE 7 7-±i: A-.y 
^yi^'^im^^-t^Ztt/^X'^h, $'5.(2. LED^ 

@WT3-T -f y^/a!*«$ix^c^N'7^-^/ 
f^na5i*)(ct-;wHgi5«i; ixm^^xitf^i^mmm 

isi{cTWb$-ii:7t. ; 0 txmi<^mm.mmxh?> 

[ o o 4 2 ] mtitim^r^ ^- k tm^i s:ffi*&s-t*- 

fe?ajS80 9 0K. Ra («fettm) =87. 5 

S:s^t^c. t^c. ^ytmtio. 8 lm/wC*>-? 

Jt. CIEfegia±<^x. y = (0. 305. 

0. 31 5) ±0. osxmttitimimz. mi 1 

9 8%TJ>o7t:. 

(Jtlgfi^yi ) x;^^^®!!^*)^ (Yo. sGdo. 2) 
3 A 1 5 Oi 2 : Ce^3t<4t&ii^?-ti-CyX;P*^ii>?| 

mmzLxm:y>{:^-\^im^^-^. m^^ntM 

*<o T v-i I) mz%iFF^mmcn>&t}^y[^i'^-x% -o tz . 

LED^77-0±^3tf-^t^7t(*:0±l^3Kjft;l 
[0043] 

^- H i: -r !> 1 1 J: J: |>fe®£7)-f it 

*i^«)TiJ'-^r< , mmmtf^h^xm^tim^'m 

[ 0 0 4 4 ] *^Bgc7)|f^JS 1 (CiEKc^ffifigt-r 
SClfct^iOLED-fv r*^^,OJt«WlSV^X:t.;^df- 
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[0045] *^BBc7)if ^JB 2 com^tt^Z tlzX 

[0046] :^%m<^mm s m^tth zb\,z^ 

[0047] *^BBcoll3<Jl4 iOffilSt -ri. ^ t {c J: 

[0048] ^^BflOlisRja 5 <7)fflsgt ^ t (C 1 
mn<nmzn\^Xi:,i:mmcrM,T'^ 

[0049] ^%^mmm. 6 tiBSjco:^ t -rs t 
MS^'f ?r- Yimt •) ct < m^-ii-i. c: t 

[0050] :^%^^(7^mim 7 {CiEiffiiO:^^ t i t 

[005 1 ] ^mmMm8iziim<^t&ktiit 



5tr ^ K 2: $ t^e* •) J: < Jgfiit^ -ti: S vl i: *«-C 

[01] HUi, :^m(^mmmT$)hi-"^r^^r 
[^#coiJiBH] 

I 1 1 • • LEDf-'yricoa-T-fy/gB 

II 2 • • • ^J^±<03-r >f y^^as 

102- • • yN'-y^r-i; 

103- • ■ LEDf--yr 
1 04 • • •i'l-a5«fi& 

1 05 • • •3|«tt'7-f-^- 

106- • • 

2 0 2- • • 

2 0 3- • • yX;i't^^'^tii^tit:a-T^yy^(r>i^ 

n 

204 ■ ■ •m^jsa 

20 5 ■ • ■ Mxrs-i»:##(t&se*S5is 



